Abstract. We introduce and study the notions of supra fuzzy convergence of fuzzy filters, sγ-fuzzy open (closed) sets, sγ(sγ * )-fuzzy continuous and sγ-fuzzy open mapping. Also, we investigate some of fundamental properties of these notions.
Introduction and preliminarieš
Sostak [14] , introduce the fundamental concept of a fuzzy topological structure as an extension of both crisp topology and Chang's fuzzy topology [1] , in the sense that not only the object were fuzzified, but also the axiomatics. In [15, 16] Šostak gave some rules and showed how such an extension can be realized. Chattopdhyay et al. [2, 3] have redefined the similar concept. In [11] Ramadan gave a similar definition namely "Smooth fuzzy topology" for lattice L = [0, 1], it has been developed in many direction [4, 6, 7, 9] . Ramadan [12] , introduce the concept of smooth filter structures in the framework of smooth topology and he establish some of their properties. Also, Ramadan et al. [13] introduce the concept of convergence of smooth fuzzy filter in smooth fuzzy topological spaces. In this paper we introduce and study the notions of supra fuzzy convergence of fuzzy filters, sγ-fuzzy open (closed) sets, sγ(sγ * )-fuzzy continuous and sγ-fuzzy open mapping. Also, we investigate some of fundamental properties of these notions.
Throughout this paper, let X be a nonempty set, I = [0, 1], I 0 = (0, 1] and I X denote the set of all fuzzy subsets of X. A fuzzy point x t for t ∈ I 0 is an element of I X such that, for y ∈ X,
The set of all fuzzy points in X is denoted by P t(X). A fuzzy point x t ∈ λ if and only if t ≤ λ(x) [10] .
Definition 1.1 ([11]). A mapping τ : I X −→ I is called fuzzy topology on X if it satisfies the following conditions:
(O1) τ (0) = τ (1) = 1.
X . The pair (X, τ ) is called fuzzy topological space (briefly, fts).
). Let (X, τ ) be a fts. Then, for each λ ∈ I X and r ∈ I 0 we define an operator C τ : I X × I 0 −→ I X as follows:
For each λ, µ ∈ I X and r, s ∈ I 0 the operator C τ satisfies the following conditions:
Theorem 1.2 ([8])
. Let (X, τ ) be a fts. Then, for each λ ∈ I X and r ∈ I 0 we define an operator I τ : I X × I 0 −→ I X as follows:
For each λ, µ ∈ I X and r, s ∈ I 0 the operator I τ satisfies the following conditions:
Definition 1.2 ([5])
. A mapping τ : I X −→ I is called supra fuzzy topology on X if it satisfies the following conditions:
The pair (X, τ ) is called supra fuzzy topological space (briefly, sfts).
Let τ * be supra fuzzy topology. Then τ * ia called the supra fuzzy topology associated with a fuzzy topology τ if τ ≤ τ * .
Definition 1.3 ([11]
). Let (X, τ 1 ) and (Y, τ 2 ) be fts's and let τ * 1 and τ * 2 be associated supra fuzzy topologies with τ 1 and τ 2 respectively. Then the mapping f : X → Y is called fuzzy continuous (resp. supra fuzzy continuous) if 
Define a mapping F ∨ G :
Then F ∨ G is the coarsest proper fuzzy filter which is finer than F and G. 
Then f (F) is a fuzzy filter on Y .
Supra fuzzy filter convergence
Theorem 2.1. Let (X, τ ) be sfts and
Then S xt is a fuzzy filter on X, we call it the supra neighborhood fuzzy filter at
Proof. (F1) is easy. (F2) Suppose that there exist λ 1 , λ 2 ∈ I X and r ∈ I 0 such that
Since S xt (λ 1 ) ≥ r and S xt (λ 2 ) ≥ r and by definition of S xt there exist
It is a contradiction. Hence,
Since S xt (λ 1 ) ≥ r, and by definition of S xt , there exist
Definition 2.1. Let (X, τ ) be a sfts and let F be a fuzzy filter on X. We say that F is supra fuzzy converges to x t ∈ P t(X) if F is finer than the supra neighborhood fuzzy filter S xt . Definition 2.2. Let (X, τ ) be a sfts and let F be a fuzzy filter on X. For, r ∈ I 0 we say that x t ∈ P t(X) is r-supra fuzzy cluster point of F if for every
Definition 2.3. Let (X, τ ) be a sfts and let F be a fuzzy filter on X. For, r ∈ I 0 we say that x t ∈ P t(X) is r-supra fuzzy strong cluster point of
Remark 2.1. Every r-supra fuzzy strong cluster point of a fuzzy filter is also rsupra fuzzy cluster point but the converse is not true in general as the following example shows.
Example 2.1. Let X = {x, y, z} be a set. Define λ 1 , λ 2 ∈ I X as follows:
We define a supra fuzzy topology τ : I X → I as follows:
otherwise.
Let t ≤ 0.8 and 0 < r < 0.3. Then
Define a fuzzy filter F : I X → I as follows:
Then x t is r-supra fuzzy cluster point of a fuzzy filter F but it is not r-supra fuzzy strong cluster point of F. Since, 
Conversely, if S x t ≤ G and F ≤ G, then for each λ, µ ∈ I X and r ∈ I 0 with 
(ii) For every fuzzy filter F on X and x t ∈ P t(X), if F supra fuzzy converges to x t , then f (F) supra fuzzy converges to f (x) t in Y .
Proof. (i) Suppose that there exist µ ∈ I
Y and r ∈ I 0 such that
(ii) Let F be a fuzzy filter on X and x t ∈ P t(X) such that F is supra fuzzy converges to x t . Then for each µ ∈ I Y we have
Since f is supra fuzzy continuous and by using (i) we have
Hence f (F) is supra fuzzy converges to f (x) t .
r-sγ-fuzzy open sets and r-sγ-fuzzy open sets
Definition 3.1. Let (X, τ ) be sfts, ν ∈ I X and r ∈ I 0 . Then ν is called:
(ii) r-sγ-fuzzy closed (briefly r-sγfc) set if 1 − ν is r-sγfo set.
Remark 3.1. Let (X, τ ) be sfts and r ∈ I 0 . Then for every λ ∈ I X with τ (λ) ≥ r, λ is r-sγfo but the converse is not true in general as the following example shows.
Example 3.1. Let X = {x, y, z} be a set. Define λ 1 , λ 2 , µ ∈ I X as follows:
Let 0 < r ≤ 0.4. If t > 0.6 we have
If t ≤ 0.6 we have
otherwise. Then, µ is r-sγfo set of X but τ (µ) = 0.0 ≥ r. (ii) Any intersection of r-sγfc sets is r-sγfc set.
Proof. (i) Let {λ i : i ∈ J} be a family of r-sγfo sets. Then for each i ∈ J we have S xt (λ i ) ≥ r for each x t ∈ λ i . So, there exist ν ik ∈ I X with x t ∈ ν ik and τ (ν ik ) ≥ r, k = 1, 2, . . . , n i such that
Since x t ∈ ν i 0 k for each k = 1, 2, . . . , n i and
Thus i∈J λ i is r-sγfo set on X.
(ii) It is easy from(i) and the fact, i∈J (1 − λ i ) = 1 − i∈J λ i .
Definition 3.2. Let (X, τ ) be a sfts, λ ∈ I X and r ∈ I 0 . Then, (i) The r-sγ-interior of λ denoted by sI γ (λ, r) is defined by
(ii) The r-sγ-closure of λ denoted by sC γ (λ, r) is defined by
Theorem 3.2. Let (X, τ ) be a sfts, λ ∈ I X and r ∈ I 0 . Then,
Proof. For each x t ∈ sI γ (λ, r), there exists r-sγfo set µ ∈ I X such that x t ∈ µ and µ ≤ λ. Then S x t (µ) ≥ r. Since S x t is fuzzy filter,
Conversely, for each x t ∈ P t(X) and
From (3.1) and (3.2) we have
Theorem 3.3. Let (X, τ ) be a sfts, λ ∈ I X and r ∈ I 0 . Then we have
Proof. For λ ∈ I
X and r ∈ I 0 we have the following:
(ii) Similar to (i). Proof. Obvious. Theorem 3.5. Let (X, τ ) be a sfts. For λ, µ ∈ I X and r ∈ I 0 the following statements are valid:
Proof. Straightforward.
Theorem 3.6. Let (X, τ ) be a sfts. Then the mapping T : I X → I which defined by
is a fuzzy topology on X.
Proof. (T1) Since 0 and 1 are r-sγfo set on X for each r ∈ I 0 , T (0) = T (1) = 1.
(T2) Suppose that there exist λ 1 , λ 2 ∈ I X and r 0 ∈ I 0 such that
Then T (λ 1 ) ≥ r 0 and T (λ 2 ) ≥ r 0 which implies that
Since S x t is a fuzzy filter we have
(T3) Suppose that there exist λ = i∈J λ i ∈ I X and r ∈ I 0 such that (i) f is sγ-fuzzy continuous;
Proof. (i)⇔(ii) It is easily proved from Definition 3.1, and
(ii)⇒(iii) Suppose that there exist ν ∈ I X and r ∈ I 0 such that
Then there exist y ∈ Y and t ∈ I 0 such that
Then there exist
It is a contradiction with (4.1).
This implies that 
On the other hand, by Theorem 3.5, This implies that λ, r) ).
(iii)⇒(ii) For all ν ∈ I X , r ∈ I 0 , by (ii) we have f (ν), r) ).
This implies that
f (I τ 1 (ν, r) ) ≤ f (f −1 (sI γ (f (ν), r))) ≤ sI γ (f (ν), r). (ii) For each x t ∈ P t(X) and for each ν ∈ I X , r ∈ I 0 with τ 1 (ν) ≥ r and x t ∈ ν, we have S x t (f (ν)) ≥ r.
Proof. It is easy.
